SUMMARY From 1976 to 1980, 1034 children who had weighed less than 2001 g at birth were cared for at the North Western regional neonatal intensive care unit. Of these, 315 babies were neonatal referrals and 91 were born in the unit after antenatal transfer from their district hospital. Significantly fewer of the babies referred as neonates survived (n=167, 53%) compared with 67 of the antenatal referrals (74%), and 490 of those born in the unit (78%). They also had a higher incidence of major handicaps (24 of 167, 14%) compared with six of 67 (9%) of the antenatal referrals and 35 of 490 (7%) of those born in the unit. To control for selection bias among neonatal referrals, the outcome of ventilated neonatal referrals was compared with that of ventilated babies born in the unit. The two groups were comparable for the incidence of a wide range of neonatal complications. No differences in rates of survival or handicap were found. We conclude that sick babies transferred after birth to regional neonatal intensive care units have similar short and long term outcomes to sick babies born in regional units.
From 1976-80 this hospital was the sole referral centre for intensive care of newborn infants in the North Western region. At its inception the neonatal referral service was directed towards the transport of babies deemed to require mechanical ventilation.
During the same period an antenatal referral service evolved for the transfer of mothers with high risk pregnancies in which the need for neonatal intensive care was anticipated. In this paper we report the mortality and long term neurodevelopmental morbidity of low birthweight babies transferred in the perinatal period to our hospital, and relate these outcomes to the need for ventilatory support.
Patients and methods
We studied 1034 infants who were born alive weighing 2000 g or less between 1 January 1976 and 31 December 1980 who were cared for on the neonatal medical unit at this hospital. Mortality and neurodevelopmental outcome were analysed for three groups: babies who were referred as neonates (n=315), antenatal referrals (n=91), and babies who were born to mothers who booked for delivery at this hospital (n=628). The 'ventilated' subgroup comprised 386 babies who received more than four hours mechanical ventilation through an endotracheal tube.
NEONATAL REFERRALS
The organisation of the neonatal referral service in the North Western region has been described previously.' Babies were transferred from 18 special care units (16 within the region). The median distance was 10-9 miles (range 2-100) and the median age at referral was 8-7 hours. Two hundred and eighty babies (89%) were referred within the first 48 hours and three (1%) after the 28th day. A primary respiratory illness was the reason for referral in 300 (95%) cases, prematurity alone being the indication in only two cases. No important complications developed during any of the journeys.
Details of each child's condition on arrival at the referring unit were recorded in 303 (96%) cases. Two hundred and two (67%) were judged to be in a stable condition. In the others the problems encountered were: central cyanosis (n=47), cyanosis and gasping (n=16), peripheral circulatory failure (n=31), untreated or inadequately drained pneumothorax (n=7), hypoglycaemia (blood glucose <1-5 mmolIl; n=11), and hypothermia (rectal temperature <34°C; n=27 
Results

PERINATAL TRANSFER AND OUTCOME
The proportion of babies surviving to be discharged home in the three study groups is shown in table 1. Among those with birth weights of 1251-2000 g, the survival rates in antenatal referrals and those babies born in this hospital were similar (83% and 88%, respectively), whereas neonatal referrals had a significantly lower survival rate (65%). In contrast, among babies weighing 500-1250 g, the survival rates of neonatal referrals and babies born in this hospital were similar (37% and 40%, respectively), and the differences in survival among the three groups were not significant.
Sixty five survivors (9%) had a major handicap. The incidence of handicap in the neonatal referrals (14%) was greater than that in babies born in this hospital (7-1%; p<OO001), and this difference was Because only a small number of babies received ventilation after antenatal transfer (n=34) these were included with the babies born in this hospital (84) 4(8) 439 436 (99) 15 (3) *p<0-05 compared with those born in unit. (57) 15 (22) 123 (25) (77) 120 (7(1) 44 (64) 38 (8) (8) 10 (6) 10 (14) 27(5)** Late apnoea 34(14) 28 (16) 16 (23) 32 (6) (table 5) . This is reflected in the high incidence of later handicap in the referred group.
Discussion
Geographically based studies have shown that babies who are born and cared for in a perinatal intensive care centre have significantly higher survival rates compared with babies who are born at district obstetric units, even if they are subsequently transferred.3 4 Our observation of a higher mortality and incidence of handicap among babies transferred in the neonatal period compared with antenatal referrals or babies born in this hospital is consistent with these findings. One further study observed that intraventricular haemorrhage was more common among neonatal transfers,5 though more recent data suggest that this may not be so. 6 We have, however, taken the analysis further by examining specific subgroups of the referred patients and those born in this hospital, according to whether or not they received mechanical ventilation. In addition, we used both survival and neurodevelopmental handicap as outcome measures, because the quality of survival is as important as survival itself.
Babies who are transferred in the neonatal period are highly preselected by the exclusion of, firstly, those who die in the first few hours after birth; secondly, those who develop no postnatal complication and, thirdly, by the exclusion of those pregnancies in which preterm delivery is anticipated and transfer to the regional centre effected. Thus in the absence of a properly randomised, controlled trial it is difficult to assess objectively the additional risk to a small baby of delivery outside the regional centre and subsequent transfer when severe neonatal illness occurs. The simple reporting of geographically based data (as has been advocated) will not answer this question.
When all babies were considered it was at first surprising that the differences in survival and handicap between neonatal referral, antenatal referral, and those born in this hospital were least marked for those in the 500-1250 g birthweight group. The antenatal referral and born in this hospital groups, however, were biased in as much as they comprised both those babies who, being extremely small, died soon after birth in the delivery room, and those babies who developed no major complications, thereby invalidating comparison with neonatal transfers.
The comparison of ventilated babies in the group referred and those born in this hospital is a logical attempt to control for preselection. The outcome for ventilated infants was clearly worse than for those who did not need such support, and a much higher proportion of neonatal referrals required ventilation. Even so, the ventilated babies born in this hospital had lower Apgar scores at 1 minute and a higher incidence of intubation in the delivery room than the neonatal referrals, implying that they were in poorer condition at birth. None the less, in both ventilated groups the time course of the respiratory illness and the incidence of postnatal complications were remarkably similar, suggesting that the severity of neonatal illness was similar. When the two ventilated groups were compared no differences in survival or incidence of major handicap were observed.
Surviving neonatal referrals who were not ventilated had a higher incidence of handicap compared with babies born in this hospital and not ventilated. These neonatal referrals, however, are quite different from the other babies who were not ventilated, as they suffered from a variety of serious neonatal illnesses necessitating referral. These neonatal referrals had a much higher incidence of clinical risk factors compared with the group born in this hospital who were not ventilated (table 5), these being mostly healthy preterm babies.
Babies born in this hospital who were not ventilated and weighed 1251-2000 g formed the largest group in this study. Therefore, despite having the lowest handicap rate of any group discussed, in real terms they made a substantial contribution to handicap among infants weighing 2000 g or less, as they made up 27% of the handicapped children.
The range of disabilities encountered among survivors varied slightly between the groups, with the obvious exception that deafness was more common among survivors after neonatal transfer. The reason for this difference and its clinical significance are not clear. The cause of deafness among low birthweight survivors is uncertain and probably multifactorial.7 This disability has not been previously associated with neonatal transfer.
Despite the striking similarities in both clinical course and outcome for the two groups of ventilated babies, however, the populations are still not identical: transferred babies were in significantly better condition at birth (table 4) . There remains the possibility that lung disease among neonatal transfers may have been worsened by suboptimal care before referral, as only 67% were judged to be in satisfactory condition when they arrived. This, together with intubation for transfer, may have resulted in babies receiving long term mechanical ventilation that would not have been necessary had they been born and managed in the regional centre.
